Introduction
Water quality depends upon a number of things including minerals, sediments and various types of material on seepage routes as well as general human activities and sewerage or disposal system. Different natural and man-made sources like natural disasters, residues of pesticides, fertilizers and other domestic and industrial wastes having different organic and inorganic constituents pollute water [1] . Rain and flood water enter different kinds of contaminants like industrial, human and animal wastes into the water body through unprotected bore holes and surface water sources. Literature revealed that recent floods in different areas of Pakistan caused severe contamination of drinking water with various microorganisms like pathogenic bacteria which resulted occurrence of common waterborne diseases like diarrhea, typhoid fever, cholera, dysentery, food poisoning, gastroenteritis and other serious infections [2] .
Waterborne diseases as a result of faecal pollution of drinking water are considered to be the major threat to the healthy life of the community [3] . In Pakistan, literature showed that over 71 and 58% water samples were contaminated with total coliforms and fecal coliforms, respectively and this contamination of drinking water accounted for 20 to 40% of all diseases prevailing in the country [4, 5] . A research study estimated that about 80% of total waterborne diseases including hepatitis, diarrhea, dysentery, anemia and tooth decay in children are due to intake of substandard water [6] . Another study conducted in district Charsadda, KPK highlighted that region was affected with waterborne diseases like diarrhea, gastroenteritis, viral hepatitis and dysentery due to consumption of drinking water polluted with coliform bacteria [7] . In Pakistan over 40% of urban deaths are attributed to the diseases caused by consumption of contaminated water [8] .
Although the major ions and minerals are an essential part of life cycle but excess of these minerals pose serious health hazards. Literature showed that high level of TDS, nitrate, fluoride, calcium and total hardness causes occurrence of renal gravels and renal stones [9] . It is thought that release of heavy metals from divergent anthropogenic and natural sources contaminate the ground and surface water that is used for industrial, agricultural and domestic purposes [10, 11] . Literature shows that malnourishment and various diseases including anorexia, abdominal pain, cardiovascular diseases, hypertension, immune dysfunction, cancers, liver and other kidney related disorders are caused by intake of excessive heavy metals as shown by different health risk assessment studies [12, 13] .
Through a number of studies, it has been established that concentrations of different minerals, chemicals and substances in drinking water exceed WHO guideline values (GVs), as found in Cambodia [14] , Zimbabwe [15] , Ghana [16] , Pakistan [6, 17, 18] and Bangladesh [19] . In Pakistan only 60% people have access to safe drinking water which is also diminishing day by day due to untreated industrial and sewerage wastes and natural disasters [20] , therefore investigation of drinking water quality and associated health risk assessment is an important research area. Objective of the present study was to assess drinking water quality in flooded areas of district Jafarabad, Baluchistan after heavy raining in 2013. Keeping in view, physico-chemical and microbial investigation of surface and ground water samples collected from rural areas was undertaken to understand its suitability for human consumption.
Material and Methods
Study area: Jafarabad district lies in the SouthEast of the Baluchistan province of Pakistan and located at 12°41'23.7"N and 78°36'36.29"E.
Water sampling: From each site, three water samples were collected in clean poly propylene bottles (600mL) for physico-chemical, heavy metals and aesthetic parameters evaluation. Water sample for microbiological analysis were collected in sterilized bottles (250mL), stored in ice box and shifted to water quality laboratory for immediate analysis.
Physico-chemical and microbiological analysis:
Aesthetic and physical parameters like color, odour, taste, turbidity, EC and pH were estimated by using field testing instruments at sampling site and analysis data was recorded. Chemical and microbiological analysis of other water quality constituents including potassium (K + ), sodium (Na + ), calcium (Ca , TDS, iron (Fe), arsenic (As), total organic carbon (TOC), dissolved organic carbon (DOC), volatile organic carbon (VOC), total organic matter (TOM), total coliform and faecal coliform organisms was carried out at PCRWR water quality laboratory by applying APHA standard methods after proper calibration and standardization of instruments [21, 22] .
Reagent and instrumentation:
Analytical grade chemicals and reagent were employed for the study and calibration of all instruments was done prior to analysis. Instruments employed for evaluation of chemical parameters includes Louibond PC H 63739 Germany turbidity meter, Jenway, 350 pH meter EU, HANNA HI 99300 Italy EC meter, Flame Photometer Italy, Optizen 2120 UV Plus Spectrophotometer, Mecasy Co. Ltd. Korea, AAS Analytik Jena and Shimadzu TOC-5000A analyzer. Alkalinity of samples was performed by aqueous acid base titration. Ca, Mg and hardness by complexometric titration method using EDTA and Cl was determined by argentometric titration method. Analysis of total coliform and faecal coliform organisms was done by membrane filtration technique.
Health risk assessment:
Health hazard due to intake of heavy metals through drinking water was studied by calculating both chronic daily intake (CDI) and health risk index (HRI) for adults and children by using following equation [13] ;
where Mc (ppb) is the heavy metal concentration whereas Lw (L/day) denotes daily water intake that is assumed as 1L/day for child and 2 L/day for adult and Wb (kg) is body weight of consumer that is considered as 72 kg for adult and 32.7 kg for child [23] .
Furthermore, chronic health problems associated with ingestion of heavy metals were addressed by calculating health risk index (HRI) using below mentioned equation [24] .
Health Risk Index (HRI) = 001 . 0 RfD CDI  where HRI denotes measured health risk index, CDI and RfD represents chronic daily intake and reference dose for oral toxicity, respectively and 0.001 is the conversion factor used to downscale RfD from mg to μg. RfD is 0.0003, 0.7, 0.024, 0.037, 1.5, 0.02 and 0.3 mgkg -1 day -1 for As, Fe, Mn, Cu, Cr, Ni and Zn, respectively. Water samples having HRI<1 will be safe for consumption.
Result and Discussion
Analysis data of major physicochemical parameters is presented in (Fig. 1,2 ) and ( Table-1) whereas microbiological results are shown in (Fig. 3) . Table-2, 3 shows health risk assessment data of heavy metals in surface and ground water samples, respectively.
Physico-chemical investigation:
Analysis data revealed that physical and aesthetic parameters like taste and color of more than half of water samples were objectionable whereas turbidity of 84 and 12% samples was higher than GVs in surface and groundwater samples, respectively. pH of all water samples was in accordance with WHO GVs of 6.5-8. Alkalinity, an important water quality parameter, affects various chemical and biological reactions like hardness, gas trouble, kidney stone, damage of metallic pipes and severe irritation of skin, eyes and mucous membrane when found in higher concentration [25] . In present investigation, carbonate alkalinity in all of the samples analyzed was almost zero whereas bicarbonate alkalinity ranges from 80-1500 mg/L. In water, Cl is present in combination with Na, Ca and Mg and high concentration is associated with many digestive system problems along with saline taste and corrosion issue [26] . Presented study showed that Samples of (%) Samples of (%) Cl in surface water (mean=316 mg/L) is higher than groundwater samples (194 mg/L) and overall 20 and 14% surface and groundwater samples, respectively have high content of Cl. Sulphate is another important water quality parameter, high level may cause respiratory illness, gastrointestinal disorder, diarrhea, dehydration and weight abatement [27] . Analysis data revealed that about half of the water samples carry SO 4 in high concentration which may be potential health hazard. Nitrate in groundwater samples were within GVs, whereas 8% surface water samples carry NO 3 content higher than GVs which may be due to fertilizers residue. Hardness is combination of carbonates, sulphates and chlorides of Ca and Mg. High value of hardness may impart clothes cleaning problem and other stomach and digestive disorder [28] . Hardness of surface and groundwater samples in 32 and 36% sampling sites respectively was higher than permissible limit. TDS measure the concentration of all soluble salts and its value beyond the permissible limit can cause taste variation, cardiac disease and toxemia in women [29] . Findings in the present study envisaged that 32 and 44% water samples have higher TDS than permissible limit of WHO (1000 mg/L). Presence of high concentration of Na, K, Ca, Cl, SO 4 and many more minerals contribute towards high level of TDS that may cause gastrointestinal exasperation [30] .
Metals content estimation:
Metals, including essential metals and trace metals play a vital role in various biological and physiological functions in human body, but an unsuitable intake may lead towards health implications. Metal content data indicated that K, Na, Ca, Mg, Fe and As in 8, 16, 36, 08, 0.0 & 60% and 6, 14, 42, 12, 4 & 32 % samples collected from surface and groundwater sources, respectively were higher than GVs. Presence of high concentration of Na, K, Ca, Cl, SO 4 and many more minerals contribute towards high level of TDS [31] . High concentration of Mg in drinking water is associated with laxative effect [19] . High level of Na is responsible for increase in blood pressure in children, male and female of all ages [32] . Potassium, a macronutrient, plays an important role in keeping electrolytic balance of our body [33] .
Trace metals are considered to induce serious health hazards if ingested in excess as is evident from various studies conducted to evaluate heavy metal concentration and possible health risks assessments [5, 34] . Literature shows that as a result of natural disasters like floods, earthquakes or rains, presence of natural organic matter (NOM) in water increases due to the interactions between the hydrological cycle and the biosphere and geosphere. NOM present in water inhibit oxidation of iron by reducing it from Fe +3 to Fe
+2
, and as a result iron content in water is increased. The excess amount of iron may accelerate the formation of free radicals resulting in instigation of mutagenicity, nephrotoxicity and renal carcinoma [9] . Similarly, excess concentration of As may result heart attack, skin damage, Nephritis, Emphysema or circulatory system problems and its carcinogenic nature may cause various types of cancer [35] . Present investigation showed that 60 and 32% samples contained high content of Fe in surface and groundwater samples, respectively. Whereas As in only 4% groundwater samples was higher than GVs (Fig. 2) . Presence of organic molecules or contaminants in drinking water can be assessed by measuring TOC. Most of these organic contaminants or materials are introduced into the ground or surface water from the water sources, or from other natural products of living systems or synthetic materials. Present study showed that TOC, DOC, VOC and TOM in groundwater samples was not the major concern, however 40% surface water samples were having higher TOC than the recommended value of 0.5 ppm. TOM in surface water samples was also higher than groundwater samples.
Health risk assessment: CDI and HRI for surface and groundwater samples are shown in Table 2 & 3 which indicated that mean CDI & HRI for Fe in surface water samples was higher than groundwater samples. Whereas, mean CDI & HRI for As in surface water samples was less than groundwater samples in both children and adults respectively. Calculated As HRI>1 for only 2 and 1 groundwater samples for children and adults respectively. Whereas mean HRI for both Fe and As is less than one which shows that there was no risk associated with most of the water samples. Literature shows very high carcinogenic and noncarcinogenic health risk associated with elevated concentration of As in drinking water and its correlation with Fe and other heavy metals [36] . Microbiological monitoring: Present study showed high level of microbial contamination as 80 and 58% sites were contaminated with faecal coliform bacteria in surface and groundwater sources, respectively as shown in Fig. 3 . Literature reports that flood and rain water carry human and animal's faecal wastes along with it and contaminate the water bodies with pathogenic organisms and ultimately direct consumption from these sources may cause infectious diseases [37, 38] . Studies conducted in Badin, Thatta and Thar districts of Southern Sindh, Pakistan revealed that common diseases like vomiting, diarrhea, dysentery, gastroenteritis and kidney problems are linked with consumption of contaminated drinking water [6] . 
Conclusion
Surface and groundwater quality assessment in flood affected areas of district, Jaffarabad, Baluchistan, Pakistan showed that there was high level of microbial contamination as 62 Samples of (%) and 84% water samples were contaminated with total coliform organisms and 58 and 80% samples were having faecal coliform in groundwater and surface water samples, respectively. On the other hand, chemical constituents like turbidity, hardness, TDS, Cl -, SO 4 -2 and Fe in groundwater was higher in 12, 36, 44, 14, 50 & 32% samples and in surface water in 84, 32, 32, 20, 44 & 60% samples, respectively. Health risk assessment data showed that CDI and HRI values for Fe in surface water samples are higher than groundwater samples and mean HRI for As and Fe is less than 1 for both children and adults.
